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(54) GAS DYNAMIC PRESSURE BEARING AND MOTOR USING 
(57)Abstract: 

PROBLEM TO BE SOLVED: To make a structure to stably work 
even at low speed rotation. 

SOLUTION: A gas dynamic pressure bearing 10 includes a ring 
16 having a cylindrical outer peripheral region and a housing 14 
furnished with a cylindrical part 14 having an inner peripheral 
surface region opposed to the outer peripheral surface region. 
The outer peripheral surface region or the inner peripheral 
surface region has a plural number of radial dynamic pressure 
grooves 36 to be actuated as a radial dynamic pressure bearing 
region 32 between these both surface regions. The housing 14 
and the ring 16 have flat surface regions opposed to each other, 
and one of them has a plural number of radial dynamic pressure 
grooves 38, 40 to be actuated as thrust dynamic pressure 
bearing regions 34. 36 between the both, flat surface regions. 
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DESCRIPTION OF DRAWINGS 



.Brief Description of the Drawings] 

Drawing 11 The sectional view showing one example of the gas hydrodynamic bearing concerning this 
invention 

Drawing 21 The development view showing an example of a radial dynamic pressure slot 
Drawing 31 The top view showing an example of a thrust dynamic pressure slot 

Drawing 41 The sectional view showing one example of the motor using the gas dynamic pressure slot 
shown in drawing 1 

[Drawing 5l The sectional view showing one example of the motor using two gas dynamic pressure slots 

shown in drawing 1 

[Description of Notations] 

10 Gas Hydrodynamic Bearing 

1 2 Axis of Rotation 

14 Housing 

1 6 Ring 

1 8 52 Shaft 

22 Tubed Part 

24 26 Plate-like part 

28 74 Gas path 

30 Radial Dynamic Pressure Shaft Receipt Region 
32 34 Thrust dynamic pressure shaft receipt region 
36 Radial Dynamic Pressure Slot 
38 40 Thrust dynamic pressure slot 
50 80 Motor 
54 Casing 

56 Electromagnet (Armature) 
58 Permanent Magnet 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

:oooi] 

.Field of the Invention] This invention relates to the motor using the gas hydrodynamic bearing and this 

using a gas like air. 

:0002] 

.Description of the Prior Art] Generally, a gas hydrodynamic bearing makes a gas like air 
high-pressure-ize by rotation of body of revolution, and produces a bearing function. Such a gas 
hydrodynamic bearing is equipped with both or those either of the radial dynamic pressure shaft receipt 
region for radial roads (radial bearing gap), and the thrust dynamic pressure shaft receipt region (thrust 
bearing gap) of thrust load promotion to a responsible post, and that to the device of the high-speed 
rotation of 30.000 or more rpm are used from 20,000rpm like the scanner motor in the light-scanning 
system of a laser beam printer. [ many ] 
:0003] 

Problem(s) to be Solved] However, since a radial bearing field is formed of a radial bearing plate and 
the shaft which penetrates this in same axle and pivotable, it is difHcult for the conventional gas 
hydrodynamic bearing equipped with a radial bearing field like the spindle motor for a hard disk drive (for 
HDD) to use for the low-speed rotating equipment of 10.000 or less rpm. 

[0004] Since the diameter dimension of a radial bearing field was small, when this invention persons 

used the above-mentioned problem for the low-speed rotating equipment by the conventional gas 

hydrodynamic bearing as a result of various kinds of experiments and research, sufficient dynamic 

pressure did not occur but they found out originating in rotation becoming unstable. 

[0005] So, in a gas hydrodynamic bearing, it is important to operate to stability also in low-speed 

rotation. 

:0006] 

.A solution means, an operation, and effectiveness] The gas hydrodynamic bearing of this invention 
contains the ring which has a cylinder-like peripheral face field, and housing equipped with the tubed 
part which has said peripheral face field and the inner skin field which counters. Said peripheral face 
field or said inner skin field has two or more radial dynamic pressure slots on which between these 
double-sided fields is made to act as a radial dynamic pressure shaft receipt region. 
[0007] A rotating equipment like a motor and a common shaft are equipped with a ring, and it is 
supported by the shaft. Either a ring and housing are attached to the stator side of a rotating 
equipment, and another side of a ring and housing is attached to the Rota side of a rotating equipment. 
If a ring or housing rotates, a gas will move through a radial dynamic pressure slot, and, thereby, radial 
dynamic pressure will generate it between the peripheral face field of a ring, and the inner skin field of 
housing. Thereby, it acts as a radial dynamic pressure shaft receipt region between the peripheral face 
field of a ring, and the inner skin field of housing. 

[0008] Since the diameter dimension of a radial dynamic pressure shaft receipt region is large compared 
with the case where a radial dynamic pressure shaft receipt region is formed by the peripheral face field 
of a shaft, and the inner skin field of a ring when a radial dynamic pressure shaft receipt region is 
formed by the peripheral face field of this ring, and the inner skin field of housing using a ring as 
mentioned above, the peripheral velocity of a radial dynamic pressure shaft receipt region becomes 
quick. Consequently, also in low-speed rotation, the gas hydrodynamic bearing of this invention 
generates sufficient dynamic pressure, and operates to stability. 

[0009] Said ring has further the 1st flat side field which intersects perpendicularly with the axis in the 

one side in said direction of an axis. Said housing Furthermore, it can have the plate-like part which has 

said 1st flat side field and the 2nd flat side field which counters, and said 1st or 2nd flat side field can 
have two or more thrust dynamic pressure slots on which between these [ 1 st ] and the 2nd flat side 

field is made to act as a thrust dynamic pressure shaft receipt region. Such a gas hydrodynamic bearing 

has not only the function as radial bearing but a function as thrust bearing. 

[0010] Said ring has further the 3rd flat side field which intersects perpendicularly with the axis in the 
other side in said direction of an axis. Said housing Furthermore, it can have the 2nd plate-like part 
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which has said 3rd flat side field and the 4th flat side field which counters, and said 3rd or 4th flat side 
field can have two or more thrust dynamic pressure slots on which between these [ 3rd ] and the 4th 
flat side field is made to act as a thrust dynamic pressure shaft receipt region. If it does in this way. a 
thrust dynamic pressure shaft receipt region will be formed in the both sides of a ring. 
[001 1] Said plate-like part can be made into the form of the inward flange following the end of said 
tubed part. In this case, the thrust dynamic pressure slot may have the configuration in which a gas 
moves thrust dynamic pressure Mizouchi to the method of the outside of radial from the method of the 
inside of radial, and may have the configuration in which a gas moves thrust dynamic pressure Mizouchi 
to the method of the inside of radial from the method of the outside of radial. 

[0012] When a thrust dynamic pressure slot is the latter, said housing can have one or more gas paths 
which are extended [ from ] outside this and opened near the boundary section of said tubed part and 
said plate-like part. If it does in this way, in spite of being able to obtain sufficient dynamic pressure, the 
pressure drop of the gas in near the boundary of a tubed part and a plate-like part can be prevented. 
[0013] The motor of this invention contains casing in which a gas hydrodynamic bearing and this gas 
hydrodynamic bearing given in any 1 term of claims 1-5 were held, the shaft which penetrates said gas 
hydrodynamic bearing in same axle, the electromagnet with which have been arranged at the one side in 
the direction of an axis of opposite Perilla frutescens (L) Britton var. crispa (Thunb.) Decne., and said 
shaft was equipped in same axle at said gas hydrodynamic bearing, and the permanent magnet which is 
in said casing and has been arranged around said electromagnet. Said shaft is equipped with said ring of 
said gas hydrodynamic bearing, and said housing of said gas hydrodynamic bearing is attached to said 
casing. 

[0014] Since between the peripheral face field of a ring and the inner skin fields of housing acts as a 
radial dynamic pressure shaft receipt region, also in low-speed rotation, sufficient dynamic pressure 
occurs and such a motor operates to stability. 

[0015] Furthermore, to said electromagnet, including said gas hydrodynamic bearing and the 2nd gas 
hydrodynamic bearing given in any 1 term of claims 1-5 arranged at the opposite side, said shaft is 
equipped with said ring of said 2nd gas hydrodynamic bearing, and said housing of said 2nd gas 
hydrodynamic bearing may be attached to said casing. If it does in this way, since a gas hydrodynamic 
bearing is arranged at the both sides of the electromagnet in the direction of an axis, rotation of a motor 
will be stabilized. 

[0016] The shaft of a gas hydrodynamic bearing and the shaft of a motor can be used as a common 
shaft. Moreover, the function of some housing (for example, tubed part) of a gas hydrodynamic bearing 
may be given to casing. 
;0017] 

Embodiment of the Invention] With reference to drawing 1 , air is used for the gas hydrodynamic 
bearing 10 as a gas. A sign 12 shows axis of rotation of the gas hydrodynamic bearing 10. 
[0018] The gas hydrodynamic bearing 10 contains the shaft 18 which penetrates a sleeve 14, i.e., 
housing, the thick disc-like ring 16 arranged in housing 14 pivotable around an axis of rotation 12, and 
housing 14 and a ring 16 in same axle, and the magnetic fluid seal 20 arranged at the end section of a 
shaft 18. In this gas hydrodynamic bearing 10, either housing 14 and the ring 16 are attached to the 
Rota side of a rotating equipment, and another side is attached to the stator side of a rotating 
equipment. 

[0019] Housing 14 forms plate-like parts 24 and 26 in the end and the other end of a tubed part 22, 
respectively. Plate-like parts 24 and 26 have the configuration of the inward flange extended in one to 
the method of inside from the edge where a tubed part 22 corresponds. Thereby, the space which 
arranges a ring 16 is formed. 

[0020] Near the boundary section of a tubed part 22 and plate-like parts 24 and 26, two or more gas 

paths 28 which make the inside and outside of housing 14 open for free passage are formed. In the 
example of illustration, the gas path 28 is wide opened to the interior and the exterior of a tubed part 
22. However, the gas path 28 may be established in plate-like parts 24 and 26. 

[0021] The ring 16 has the form of a cylinder shaft where it has a peripheral face field and two flat side 
fields following the end and the other end of this peripheral face field, and the shaft 18 is equipped with 

it at relative rotation impossible. 

[0022] The shaft 18 has penetrated the building envelope of housing 14, and the core of a ring 16, and is 
connected by the magnetic fluid seal 20 pivotable relatively [ plate-like part / 24 / of housing 14 ] in 
the end section. A shaft 1 8 can be used as the shaft of a rotating equipment like a motor, and a 
common shaft so that it may explain later. 

[0023] Let the dimension of the building envelope of housing 14, and the dimension of a ring 16 be the 
values (magnitude) which can use between the inner skin field of a tubed part 22, and the peripheral 
face fields of a ring 16 as a thrust dynamic pressure shaft receipt region 30. and can use between the 
annular flat side field of plate-like parts 24 and 26, and the annular flat side fields of a ring 16 as radial 
dynamic pressure shaft receipt regions 32 and 34. So, few gaps are formed between housing 1 4 and a 
ring 16. 

[0024] In the example of illustration, on the other hand, a ring 16 reaches, respectively, and two or more 
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thrust dynamic pressure slots 38 and 40 which two or more radial dynamic pressure slots 36 are formed 
in the peripheral face field of a ring 1 6. and carried out the shape of a ring are formed in the flat side 
field of another side, however, with this, conversely, two or more radial dynamic pressure slots may be 
formed in the inner skin field of a tubed part 22. the flat side field of plateHike parts 24 and 26 may boil 
two or more thrust dynamic pressure slots, respectively, and they may be formed. 

[0025] The radial dynamic pressure slot 36 has and passes through the configuration which shows air to 
the example with rotation of housing 14 or a ring 16 to a central site from the edge side of the ring 16 in 
the direction of axis of rotation 1 2 as shown in drawing 2 , and is a ring bone dynamic pressure slot. On 
the other hand, the thrust dynamic pressure slots 38 and 40 are spiral dynamic pressure slots which 
have the configuration which shows air to the method of inside from the method of the outside of radial 
of a ring 16 with rotation of housing 14 or a ring 16 for the example, as shown in drawing 3 . 
[0026] If either housing 14 and the ring 16 rotate in the predetermined direction, the inside of the thrust 
dynamic pressure slot 38 and 40 will be moved to the air near the boundary section of a tubed part 22 
and a plate-like part 24, and the air near the boundary section of a tubed part 22 and a plate-like part 
26 from the method of the outside of radial of a ring 16 to the method of inside while being moved 
towards a center-section side from an edge [ in / for the inside of the radial dynamic pressure slot 36 / 
the direction of an axis 12 ] side. Thereby, while predetermined radial dynamic pressure occurs in the 
radial dynamic pressure shaft receipt region 30, predetermined thrust dynamic pressure occurs in the 
thrust dynamic pressure shaft receipt regions 32 and 34, and, as a result, the gas hydrodynamic bearing 
10 operates to stability. 

[0027] The pneumatic pressure near the boundary section of a tubed part 22 and plate-like parts 24 
and 26 falls by moving compulsorily the inside of the thrust dynamic pressure slot 38 and 40 to air to a 
radial core side. However, the air of the amount corresponding to a part for the pressure drop Is 
attracted in housing 14 from the gas path 28. 

[0028] Since the gas hydrodynamic bearing 10 forms installation of a shaft 18, and the radial dynamic 
pressure shaft receipt region 30 for the ring 16 by the inner skin field of housing 14, and the peripheral 
face field of a ring 1 6, compared with the case where a radial dynamic pressure shaft receipt region is 
formed by the inner skin field of a ring 16. and the peripheral face field of a shaft 18, the diameter 
dimension of the radial dynamic pressure shaft receipt region 30 becomes large, and the peripheral 
velocity of the radial dynamic pressure shaft receipt region 30 becomes quick. Consequently, whether it 
uses for a low-speed rotating equipment or a shaft 18 is thin, sufficient radial dynamic pressure occurs 
and the gas hydrodynamic bearing 10 operates to stability. 

[0029] Moreover, it is stabilized and it operates while it has not only the function as radial bearing but a 
function as thrust bearing, since the gas hydrodynamic bearing 10 formed the thrust dynamic pressure 
shaft receipt regions 32 and 34, respectively between plate-like parts 24 and 26 and both the flat side 
field of a ring 1 6. 

[0030] Furthermore, if it puts in another way, although the thrust dynamic pressure slots 38 and 40 have 
the configuration which has the configuration which moves a gas to the method of the inside of radial 
from the method of the outside of radial of a ring 16, and the configuration which generates thrust 
dynamic pressure efFecttvely, even if the pressure drop of the gas in near the boundary of a tubed part 
22 and plate-like parts 24 and 26 is prevent by the gas path 18 and uses the gas hydrodynamic bearing 
10 for a low-speed rotating equipment from the result, it operates to stability. 
[0031] In the above-mentioned example, housing 14 manufactures separately a tubed part 22 and 
plate-like parts 24 and 26, may assemble those members in housing, may manufacture the tubed part 
material 22 and the plate-like part material 24 (or 26) to one, may manufacture the tubed part material 
26 (or 24) separately, and may assemble both [ these ] members in housing. 

[0032] For referring to drawing 4 , they are carrying out axis of rotation 12 in common while the shaft 52 
is used for the gas hydrodynamic bearing 10 and the motor 50 using this as a common shaft. This motor 
50 is assembled as a spindle motor for a hard disk drive, therefore uses a shaft 52 as a fixed side, and is 
used in the condition that a shaft 52 is extended in the vertical direction. 

[0033] A motor 50 contains the permanent magnet, the armature 56, i.e.. the electromagnet. Rota 54, 
i.e., casing, which holds a gas hydrodynamic bearing and the gas hydrodynamic bearing 10 other than the 
common shaft 52. with which has been arranged to the gas hydrodynamic bearing 10 at the one side in 
the direction of an axis 1 2, and the shaft 52 was equipped in same axle, 58 of the shape of a ring which 
is in casing 54 and has been arranged around an electromagnet 56. 

[0034] The shaft 52 has penetrated casing 54, the gas hydrodynamic bearing 10, and the electromagnet 
56 in same axle, and is combined with casing pivotable in the end section with the magnetic fluid seal 20. 
It is combined with the base 60 in the lower limit section, and the shaft 52 is supported by the erect 
condition at the base 60 again. 

[0035] By the tubed subject section 64. the pars basilaris ossis occipitalis 66 following the upper limit of 
the subject section 64, and the flange 68 following the lower limit of the subject section 64, casing 54 
has the configuration of a silk hat, and held the gas hydrodynamic bearing 10 in the upper part in the 
subject section 64 (inner), and has held the electromagnet 56 in the lower part in the subject section 64. 
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[0036] The electromagnet 56 is constituted as a stator armature by the iron core 70 which has two or 
more magnetic pole sections which set include-angle-spacing around the axis 1 2, and the coil 72 wound 
around each magnetic pole section, and is attached in the shaft 52 in the iron core 70 at relative 
rotation impossible. 

[0037] The permanent magnet 58 is formed in the form of a short cylinder with a permanent magnet 
ingredient like a ferrite. and is attached in the inside of casing 54 in same axle at relative rotation 
impossible. A permanent magnet 58 has two or more pole-face sections which set 
include-angle-spacing around the axis 1 2 in inner skin. The pole-face section which adjoins a hoop 
direction is made into a different polarity (N or S). 

[0038] The tubed part 22 of housing 14 is attached in the gas hydrodynamic bearing 10 by the inside of 
casing 54 at rotation impossible, and the ring 16 is attached in it by the shaft 52 at rotation impossible. 
Casing 54 has two or more gas paths 74 which make the exterior of housing 14 open the gas path 28 of 
the gas hydrodynamic bearing 10 for free passage. The gas path 74 is wide opened to the configuration 
space of an electromagnet 56 in the example of illustration. 

[0039] When using a motor 50 as a driving source for hard disks, two or more hard disks are laid in the 
condition of carrying out fitting of those main holes to the tubed part 64 of casing 54 by the flange 68. 
In this condition, if it energizes on an electromagnet 56, a permanent magnet 58 will rotate and, thereby, 
housing 1 4 and casing 54 will rotate. 

[0040] Since between the peripheral face field of a ring 16 and the inner skin fields of housing 14 acts 
as a radial dynamic pressure shaft receipt region 30, even if a motor 50 is low-speed rotation of 10,000 
or less rpm, sufficient radial dynamic pressure occurs and it operates to stability. Moreover, since it has 
two trust dynamic pressure shaft receipt regions 32 and 34, it operates to stability more. 
[0041] With reference to drawing 5 , a motor 80 arranges the gas hydrodynamic bearing 10 to each of an 
electromagnet 56 top and the bottom, and is supporting the Rota part of the source of rotation on the 
both sides. For this reason, rotation of a motor 80 is stable compared with the motor 50 shown in 
drawing 4 . By the motor 80. the disc-like lid 82 is arranged in the lower limit section of casing 54. You 
may arrange to the casing 54 of the motor 50 which shows a similar lid to drawing 4 . 
[0042] Without motors 50 and 80 all producing oil leakage like the conventional oil hydrodynamic bearing, 
as a result of using motors 50 and 80 as a small spindle motor made to rotate especially 10,000 or less 
rpm of hard disks of 3.5 inch size with the low speed of 4000rpm extent, stability could be made to 
rotate a hard disk by constant power consumption, and the oscillating noise became small from the 
conventional oil hydrodynamic bearing. Consequently, it became possible to raise the recording density 
to a hard disk from before. 

[0043] The gas hydrodynamic bearing of this invention can be used not only for a motor but for other 
rotating equipments, and can be used not only for the rotating equipment which uses housing 14 and 
casing 54 as another member but for the rotating equipment which gave the function of some housing 
1 4 (for example, tubed part 22) to casing 54 (for example, tubed part 64). 

[0044] This invention is applicable not only to the rotating equipment which uses shafts 18 and 52, a 
ring 16, and an electromagnet 56 as a fixed side but the rotating equipment made into a them 
rotation-side. This invention is applicable not only to the rotating equipment to which axis of rotation is 
extended in the vertical direction but the rotating equipment to which axis of rotation is extended in 
other directions (for example, direction which inclined horizontally or aslant) again. 
[0045] This invention is not limited to the above-mentioned example. For example, two or more radial 
dynamic pressure shaft receipt regions may be prepared, and it is not necessary to prepare one thrust 
bearing field or both thrust bearing field. Moreover, when it does not have a thrust dynamic pressure 
shaft receipt region, the ring may have a configuration like the wheel of the car for railroads. 
Furthermore, a radial dynamic pressure slot may be a configuration which shows air to the method of 
outside from the core side of a ring. So, this invention can be variously changed, unless it deviates from 
the meaning. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



:Claim(s)] 

.Claim 1] Said peripheral face field or said inner skin field is a gas hydrodynamic bearing which has two 
or more radial dynamic pressure slots on which between these double-sided fields is made to act as a 
radial dynamic pressure shaft receipt region including the ring which has a cylinder-like peripheral face 
field, and housing equipped with the tubed part which has said peripheral face field and the inner skin 
field which counters. 

[Claim 2] Said ring has further the 1st flat side field which intersects perpendicularly with the axis and is 
extended in the surroundings of this axis in the one side in said direction of an axis. Said housing 
Furthermore, it is the gas hydrodynamic bearing according to claim 1 in which said 1st or 2nd flat side 
field has two or more thrust dynamic pressure slots on which between these [ 1st ] and the 2nd flat 
side field is made to act as a thrust dynamic pressure shaft receipt region by having the plateHike part 
which has said 1 st flat side field and the 2nd flat side field which counters. 

[Claim 3] It is the gas hydrodynamic bearing according to claim 2 which has one or more gas paths 
which said housing is extended [ from ] outside this and opened near the boundary section of said tubed 
part and said plate-like part by said plate-like part having the form of the inward flange following the 
end of said tubed part. 

[Claim 4] Said ring has further the 3rd flat side field which intersects perpendicularly with the axis In the 
other side in said direction of an axis. Said housing Furthermore, it has the 2nd plate-like part which has 
said 3rd flat side field and the 4th flat side field which counters. Said 3rd or 4th flat side field is a gas 
hydrodynamic bearing according to claim 2 or 3 which has two or more thrust dynamic pressure slots on 
which between these [ 3rd ] and the 4th flat side field is made to act as a thrust dynamic pressure shaft 
receipt region. 

[Claim 5] It is the gas hydrodynamic bearing according to claim 4 which has the 2nd one or more gas 
paths which said housing is extended [ from ] outside this and opened near the boundary section of said 
tubed part and said 2nd plate-like part by said 2nd plate-like part having the form of the inward flange 
following the other end of said tubed part. 

[Claim 6] Casing in which a gas hydrodynamic bearing and this gas hydrodynamic bearing given in any 1 
term of claims 1-5 were held. The shaft which penetrates said gas hydrodynamic bearing in same axle, 
and the electromagnet with which have been arranged at the one side in the direction of an axis of 
opposite Perilla frutescens (L.) Britton var. crispa (Thunb.) Decne., and said shaft was equipped in same 
axle at said gas hydrodynamic bearing. It is the motor by which said shaft is equipped with said ring of 
said gas hydrodynamic bearing, and said housing of said gas hydrodynamic bearing is attached to said 
casing including the permanent magnet which is in said casing and has been arranged around said 
electromagnet. 

[Claim 7] Furthermore, it is the motor according to claim 6 by which said shaft is equipped with said ring 
of said 2nd gas hydrodynamic bearing including said gas hydrodynamic bearing and the 2nd gas 
hydrodynamic bearing given in any 1 term of claims 1-5 arranged at the opposite side to said 
electromagnet, and said housing of said 2nd gas hydrodynamic bearing is attached to said casing. 
[Claim 8] The shaft of a gas hydrodynamic bearing and the shaft of a motor are a common motor 
according to claim 6 or 7. 
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